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ESPITE EVIDENCE-BASED GUIDElinesrecommendingearlyand aggressive treatment of active rheumatoid arthritis (RA), 1, 2 recentpopulation-basedstudiesofdiseasemodifyingantirheumaticdrug(DMARD) useinpatientswithRAreportconsistently lowratesofDMARDreceipt(30%-52%). [3] [4] [5] [6] [7] One limitation of the existing literature is that US studies have only examined groups with low socioeconomic status covered by state-funded insurance programs or within a single health plan and geographicarea;therefore,thesedatamay not be broadly generalizable. [4] [5] [6] In 2005, the National Committee for Quality Assurance revised the Healthcare Effectiveness Data and Information Set (HEDIS), a set of performance indicators used by health plans to report on their quality of care, to include a measure assessing whether patients with RA received a prescription for a DMARD. Medicare managed care plans (alternatives to traditional Medicare fee-forservice programs that provide hospital, outpatient, and pharmacy coverage to more than 8 million Medicare beneficiaries) are required to report their performance on all HEDIS measures. Therefore, HEDIS data from Medicare managed care plans provide a nationally representative sample of the managed care population older than 65 years and avoid the selection bias associated with studies of patients in specialty care or in health plans with voluntary reporting.
In this study, we examined variations in DMARD receipt in a large cohort of managed care patients diag-nosed with RA. To our knowledge, this is the first comprehensive study to assess sociodemographic, community, and health plan factors associated with DMARD receipt.
METHODS

Study Population and Data Sources
Individual-level HEDIS data were used for all Medicare managed care plans from the Centers for Medicare & Medicaid Services (CMS) for 4 reporting years (2006) (2007) (2008) (2009) , covering clinical care delivered (2005) (2006) (2007) (2008) . Each observation included a participant's health identification code, health plan name, and variables indicating eligibility for and receipt of care consistent with the HEDIS RA measure. The study protocol was approved by the institutional review boards of Stanford University and the University of California, San Francisco and by the CMS privacy board; an exemption to informed consent was granted because the data set used was deidentified.
Information about data collection and CMS-sponsored audits has been published previously. 8, 9 Using each participant's identification code, we matched beneficiaries eligible for the HEDIS RA measure with the Medicare denominator file for the corresponding year. This file contains demographic information on race, age, sex, zip code, and county of residence. The file also contains information on whether beneficiaries had received state buy-in assistance for their Medicare Part B premiums or co-payments, a marker of low personal income. 10 We achieved a match rate of 98%. Zip code-based socioeconomic status was calculated using variables from the 2000 US Census and the Agency for Healthcare Research and Quality's socioeconomic status index score. 11 Health professional shortage area counties (those with a complete or partial shortage of physicians) were defined using the Area Resource File. 12 We obtained health plan characteristics (model type, plan age, enrollment size, and tax status) from the Interstudy Competitive Edge data set or by contacting the health plans directly.
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Inclusion criteria were eligibility for the HEDIS RA measure per the specification, participant age of at least 65 years, residence in the 50 US states, and survival through the measurement year. There were 180 153 observations that met these criteria. We excluded 94 health plans (with 12 862 observations) that appeared to have incomplete reporting, as evidenced by missing data for more than 10% of eligible enrollees or less than 10% performance on the HEDIS RA measure. Because the data set covers multiple years, individuals could have as many as 4 observations; we selected 1 observation at random from each individual to avoid multiple levels of clustering in the statistical analysis. The final study sample included 93 143 observations from 299 health plans.
Measure Specification
The National Committee for Quality Assurance's HEDIS RA measure aimed to assess "whether patients diagnosed with RA have had at least one ambulatory prescription dispensed for a DMARD [during the measurement year]." 14 Patients in the denominator for the measure: (1) were continuously enrolled in a Medicare managed care plan during the measurement year (no more than one 45-day gap in enrollment allowed); (2) had both medical and pharmacy benefits; and (3) had at least 2 face-to-face physician encounters with different dates of service in an ambulatory or nonacute patient setting during the measurement year with any diagnosis of RA (International Classification of Diseases, Ninth Revision [ICD-9] codes 714.0, 714.1, 714.2, or 714.81). Patients who were pregnant or carried a diagnosis of human immunodeficiency virus during the measurement year were excluded from the measure. Accepted drugs included traditional and biologic DMARDs: abatacept, adalimumab, anakinra, azathioprine, cyclophosphamide, cyclosporine, etanercept, gold, hydroxychloroquine, infliximab, leflunomide, methotrexate, minocycline, penicillamine, rituximab, staphylococcal protein A, and sulfasalazine. The numerator for the measure was a dichotomous measure of DMARD receipt (yes/no); the names of the specific DMARDs received were not recorded.
Study Variables
The dependent variable was DMARD receipt among eligible enrollees. Independent variables included age, race (white, black, other), sex, low personal income (as proxied by the state buy-in variable), zip code-based socioeconomic status index score (divided into quintiles), residence in a physician shortage county, geographic region, and health plan variables (model type, plan age, enrollment size, and tax status). Information on race in the Medicare denominator file was derived from Social Security Administration data obtained at the time of an individual's application for a new or replacement Social Security card and has been shown to be reliable for individuals designated as white or black.
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Statistical Analysis
We assessed demographic, socioeconomic, and health plan characteristics of participants in the final study sample and used 2 or t tests to compare participants receiving DMARDs with those who were not. We determined the overall and yearly performance on the HEDIS RA measure. For each subgroup of participants (defined by demographic, socioeconomic, and health plan characteristics), we calculated performance on the HEDIS RA measure and the absolute difference in performance compared with the relevant referent group.
Todetermineadjustedperformancedifferences among subgroups, we fitted linear models with generalized estimating equations to predict DMARD receipt, adjusted for covariates and accounting for the clustering of individuals within health plans. 17 Variablesinthemultivariatemodelsweredeterminedaprioribasedonprior studies of DMARD use and HEDIS measurefulfillment. 8 Allcovariatesweretested to ensure noncollinearity. We fitted 3 versions of these models: model 1 adjusted for age, race, sex, income, and year; model 2 included all variables in model 1 in addition to zip code-based socioeconomic status, geographic region, and residence inaphysicianshortagecounty;andmodel 3 included all variables in model 2 in additiontohealthplanvariables(modeltype, plan age, enrollment size, and tax status). Resultsofthemodelswerereportedaspercentage point differences. We performed additional sensitivity analyses using the first year of data contributed by a given individual, the last year of data contributed by an individual, and using the "best case" year of data contributed by an individual (ie, if the participant received a DMARDinsomeyearsbutnotothers,categorizing the participant as having received a DMARD).
Last, we assessed the variability in the performance of different health plans on the HEDIS RA measure. Health plans with fewer than 20 beneficiaries in the final study sample were excluded, leaving 245 plans. Health plan performance on the measure was calculated by aggregating the individual-level data. We assessed performance on the HEDIS RA measure with logistic regression models to adjust health plan performance for case mix (including variables for age, race, sex, income as proxied by state buyin, zip code-based socioeconomic status, residence in a physician shortage county, and geographic region). This process has been described at length elsewhere. 18 Briefly, we applied regression coefficients from multivariate logistic regressions to calculate the predicted probability of DMARD receipt in each health plan for every individual in the combined sample. By averaging the predicted probabilities by health plan, we calculated a directly standardized adjusted performance rate, defined as the predicted performance for each plan if every plan had the same distribution of member characteristics.
Statistical tests were 2-sided with PϽ .05 considered statistically significant. We were able to detect a minimum difference of 2.2 percentage points in the individual subgroup analyses with 80% power. All analyses were performed using SAS statistical software (version 9.2; Cary, North Carolina).
RESULTS
The characteristics of the individual participants and health plans in the study sample are listed in The largest difference in performance on the HEDIS RA measure was based on age: participants aged 85 years and older had a 30 percentage point lower rate of DMARD receipt (95% CI 29-32 points) comparedwithpatients65to69yearsold, even after adjusting for other factors (TABLE 3) . Other participant categories less likely to receive a DMARD were men, individuals identified by race as black or other, individuals with low personal income,participantsinlowersocioeconomic status zip codes, and individuals in the Middle and South Atlantic regions. Patients living in a health professional shortage area had slightly lower performance (−3 percentage points; 95% CI, −1 to −5 points). In addition, patients enrolled in a for-profit health plan had a 4 percentage point lower rate of DMARD receipt (95% CI, 0 to −7 points) compared with patients enrolled in a not-for-profit health plan.
A model similar to model 3 in which the separate measures of personal and neighborhood socioeconomic status were replaced by 1 categorical variable representing the 4 possible combinations for personal income (low/not low) and lowest quintile of zip code-based socioeconomic status (yes/no) revealed a stepped relationship. Individuals with Sensitivity analyses in which the first or the most recent year of data contributed by an individual did not change the results of the multivariate models. Similarly, using the best case year of data showed that 66% of patients received a DMARD overall. Again, the results of the multivariate models remained unchanged.
Performance varied widely by health plan (FIGURE) with rates ranging from 16% to 87%, even after adjusting for case mix. The range of adjustment due to case mix was −16% to ϩ21% (mean, −1%; interquartile range, −4% to 1%). The case mix adjustments were smaller than the standard error of the rates for the majority of plans; in other words, the variation introduced into the performance rates by case mix was smaller than the sampling variability, but not negligible. A sensitivity analysis using the best case year of data only changed adjusted health plan performance slightly (range, 15%-89%).
COMMENT
In this nationally representative sample of patients in Medicare managed care with a diagnosis of RA, we found wide variations in DMARD receipt based on sociodemographics, geographic location, and health plan. Prior research has found that disparities in outcomes for patients with RA exist on the basis of race and socioeconomic status. [19] [20] [21] [22] Although RA was once an inevitably deforming and disabling condition, the development of new DMARDs and support for their early use has dramatically improved clinical outcomes for many patients. 1, [23] [24] [25] This study suggests that 1 mechanism for the sociodemographic disparities in RA outcomes in the United States may relate to differences in DMARD receipt.
Although we found that more than one-third of patients in this cohort were not receiving a DMARD, the optimal rate of DMARD receipt for this cohort is difficult to estimate. Some patients in the HEDIS denominator for this measure may have declined treatment, had quiescent disease, or had contraindications to all 17 eligible drugs. In a recent study using the German Biologic Register, Ziegler et al 26 report that as many as 19% of patients did not receive a DMARD within a calendar year and that as many as 11% had quiescent disease or relative contraindications to available drugs. In our study, the proportion of patients in these categories may be even higher because of an older mean age and possibly a higher rate of RA misdiagnosis (because RA diagnoses were drawn from administrative sources).
We found that DMARD receipt varied significantly with sex and age; the oldest patients had the lowest rate of DMARD receipt and men had slightly lower DMARD receipt compared with women. Although there are conflicting data around disparities based on sex, recent studies have shown that older individuals are less likely to receive DMARDs. 3, 4, 7, [27] [28] [29] Age differences may be due to age bias, 27 increased prevalence of comorbidities that may represent contraindications to DMARD use, 4 patient preferences against DMARD receipt, or a milder or different clinical course among older patients. Future studies using a large clinical data set could further elucidate these issues.
In addition, we found that individuals with low personal income and those living in low socioeconomic status neighborhoods had reduced DMARD receipt. Lacaille et al 28 report similar findings in a population-based study from Canada. Low neighborhood socioeconomic status exerted an independent negative effect on DMARD receipt beyond that of personal low income; this finding has been described previously in studies of physi- Figure) .
cal and mental health outcomes and access to care in patients with other chronic conditions. 30, 31 This study found significant variation in performance on the HEDIS RA measure based on geography, with patients in the Middle and South Atlantic regions using DMARDs at rates 10 percentage points lower than patients in Table 3 [32] [33] [34] This study also found a small but significant increase in DMARD receipt in enrollees of not-for-profit health plans compared with enrollees of for-profit health plans, which has also been reported for other HEDIS measures. 35 The dramatic variations in performance on the HEDIS RA measure among different health plans are concerning. This study found a 70 percentage point spread between the best and worst performing plans. Possible explanations for these differences include variations in the availability or accessibility of specialty care within a health plan or differences in the ability of the health plan to appropriately identify patients in the numerator and denominator for the measure. At least 1 other study has found that health plans can influence quality of care independent of the selection of physician organizations with which they contract. 36 The primary strength of this study is that it provides the first examination of DMARD receipt in a nationally representative sample of patients in managed care plans. Because we enhanced data obtained from HEDIS with multiple other data sources, we were able to investigate the influence of individual, community, and health care system factors on DMARD receipt.
However, the study has several limitations. RA diagnoses were obtained from administrative sources. Gabriel's population-based study measuring the accuracy of administrative diagnoses for RA showed only moderate (57%) positive predictive value of a single diagnostic code for RA compared with a criterion standard that included medical record review. 37 Identification of RA patients in this study were based on 2 RA diagnosis codes from 2 face-to-face physician encounters with different dates of service; still, some patients in this study may have been misclassified as having RA when in fact they carried an alternate diagnosis or had quiescent disease that might not require DMARDs.
In addition, we lacked detailed clinical information on factors such as disease activity, comorbidities, contraindications to DMARD use, or patient preferences. However, the number of patients with contraindications or intolerance to all 17 available DMARDs (including hydroxychloroquine and sulfasalazine) was likely to be small, as demonstrated by very high rates of DMARD receipt reported for patients seen in specialty clinics. 26 We did not have information on the treating physician's specialty for each individual patient or the number of rheumatology specialists serving a particular health plan. Because physician specialty has been identified as an important predictor of quality care in other studies, 4, 5, 28 this represents a possible explanation for the disparities we observed in this study's population. However, we did include a variable (health professional shortage areas) that assessed the density of physicians, including specialists, in a patient's county and found that patients residing in a physician shortage county were significantly less likely to receive a DMARD.
Finally, we were not able to assess the allowances on prescription drug benefits for each health plan, which may be an important factor associated with DMARD receipt. Although annual outof-pocket costs among patients in Medicare managed care plans for biologic DMARDs can exceed $4000, 38 drugs such as hydroxychloroquine or methotrexate cost less than $1000 per year. Still, patients with state buy in or living in lower socioeconomic status neighborhoods might be less likely to receive a DMARD because they are unable to afford copayments or other forms of cost sharing for a DMARD. 39 If patients with lowest socioeconomic status were clustered within a few health plans, cost burden may also be a mechanism for the variation found in health plan performance. 
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©2011 American Medical Association. All rights reserved. In summary, we found significant differences in DMARD receipt based on individual, community, and health plan characteristics. Given the enormous individual and societal costs associated with RA, and increasing substantial evidence that DMARDs can reduce these costs, variations in DMARD receipt based on demographics, socioeconomic status, and geography are unacceptable. Because optimizing DMARD use is the primary mechanism for decreasing the significant public health impact of RA in the United States, targeting educational and quality improvement interventions to patients who are underusing DMARDs and their clinicians will be important to eliminate these disparities. Additional studies of population-wide cohorts that include clinical data and disease activity measures are needed to validate our findings.
